Introduction: Some viral warts are refractory to treatment, some others tend to recur. Oral isotretinoin is useful against warts to varying degrees. Objective: To determine the efficacy of oral isotretinoin for treating mucocutaneous human papillomavirus infections. Methods: A systematic review and meta-analysis of studies published from the date of inception of the databases to December 30, 2017 were conducted. Randomized controlled trials or case series with ≥10 patients with mucocutaneous human papillomavirus infection who had received oral isotretinoin treatment were analyzed. The meta-analysis estimated the pooled odds ratio and pooled response rate. Results: The review included eight studies. Trials of oral isotretinoin versus placebo treatment revealed that isotretinoin effectively treated mucocutaneous human papillomavirus infections (odds ratio: 43.8, 95% confidence interval: 9.7-198.8). The pooled estimate of the complete response rate of oral isotretinoin to mucocutaneous human papillomavirus was 67.7% (95% confidence interval: 49.5-81.7%). Another pooled estimation revealed that 83.9% (95% confidence interval: 59.7-94.9%) of patients exhibited at least 50% lesion clearance, whereas 12.3% with complete response experienced recurrence. Limitations: This meta-analysis had a small sample size and high inter-study heterogeneity. Conclusion: Oral isotretinoin is superior to placebo for treating mucocutaneous human papillomavirus infections, particularly plane warts. The recurrence rate and risk of severe side effects are low.
Introduction
Treatment of mucocutaneous human papillomavirus infections, or warts, can be extremely challenging, particularly in adult patients with relatively long disease duration and extensive distribution. 1 The most common first-line treatments for warts are topical salicylic acid and cryotherapy. 1 A recent meta-analysis indicated that salicylic acid has only a moderate therapeutic effect on nongenital warts, and trials comparing cryotherapy with placebo treatment have revealed no significant differences between the effectiveness of cryotherapy and that of placebo. 2 High-quality evidence
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for other treatment modalities such as topical caustic and antimitotic substances, intralesional bleomycin injections, surgical excision, or curettage and cautery is currently not available. None of these modalities appear safer or more effective than salicylic acid or cryotherapy. [2] [3] [4] [5] Hence, despite the therapeutic armamentarium available, some mucocutaneous human papillomavirus infections remain refractory to multiple treatments.
Oral retinoids were first used by Gelmetti et al. 6 in 1987 to treat various types of refractory cutaneous warts, and used by Olsen et al. 7 in 1989 to treat refractory genital warts. Subsequently, other researchers have reported treating mucocutaneous human papillomavirus infections with varying doses of isotretinoin and have achieved varying rates of complete clearance. [8] [9] [10] [11] [12] [13] [14] Theoretically, oral retinoids can affect epidermal growth and differentiation, 15 induce immunomodulation and downregulate human papillomavirus expression in infected cells, 16, 17 and thus appear to be a promising therapeutic choice. However, this modality has seldom been mentioned in the numerous treatment guidelines for warts because only a few studies with small sample sizes have reported the use of oral isotretinoin. 1, 5, 18, 19 The efficacy of oral isotretinoin for treating mucocutaneous human papillomavirus infections, as well as the optimal dose, ideal treatment durations, recurrence rates and safety profiles still require clarification. Our meta-analysis was conducted to determine current evidence for the efficacy of oral isotretinoin in treating mucocutaneous human papillomavirus infections.
Methods
A systematic review and meta-analysis were conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (http:// www.prisma-statement.org/).
Data source and search strategy
We identified studies indexed in the PubMed, MEDLINE, Embase and Cochrane Library databases from the date of inception of the databases to December 30, 2017. The search parameters included the terms "wart," "verruca" and "condyloma" combined with "isotretinoin," "oral retinoid" and "systemic retinoid." References within the search results (articles) were also reviewed to identify additional studies available.
Eligibility criteria and study selection
We analyzed randomized controlled trials where oral isotretinoin alone was used in one of the study arms, as well as a case series with ≥10 patients who had received oral isotretinoin for treating warts. Studies that used oral retinoids other than isotretinoin or in combination with other treatment modalities, with treatment durations of <6 weeks, and those that included participants with epidermodysplasia verruciformis or immunocompromise were excluded. Review articles, conference reports and case reports were also excluded. Two authors of the present study (Dr. YCH and Dr. THY) independently screened all article titles and abstracts. The full texts of relevant studies were accessed to determine their eligibility. Any disagreement was resolved by reaching a consensus.
Quality assessment
We adapted the methodological assessment tool known as "MINORS" from the studies of Slim et al. for the critical appraisal of studies on interventions. 20 The tool comprises 12 items graded on three-point scales (0-2) for controlled studies and eight items for case series. Two authors of the present study (Dr. YCH and Dr. THY) independently assessed the quality of the analyzed studies. In the case of a discrepancy, a third reviewer (Dr. THL) made the final decision.
Outcomes
The primary outcomes of the present study were the complete response rate to oral isotretinoin, defined as total clearance of lesions, and the partial response rate to oral isotretinoin, defined as lesion reduction in number or size by ≥50%. The secondary outcomes were severe adverse effects that required discontinuation of treatment and the recurrence rate defined as disease relapse after total clearance of skin lesions.
Data extraction
Data were independently extracted by two authors (Dr. YCH and Dr. THY). Any disagreement was resolved by reaching a consensus. Data on the following measures were extracted: study country, sample size, type of human papillomavirus infection, dosage and duration of medication, follow-up time and quality scores [ Table 1 ]. In addition, data on the complete response rate, partial response rate, recurrence rate and number of severe side effects requiring discontinuation of therapy were extracted [ Table 2 ]. In this meta-analysis, the patients who had received 0.5 and 1 mg/kg/day of isotretinoin were categorized into low-and high-dose groups respectively.
Data analysis
For the analyzed randomized controlled trials, we produced a pooled estimate of the complete response rate of patients treated with oral isotretinoin compared with that of the control group, if two or more studies categorized within the same control groups. The results are expressed as overall odds ratios with associated 95% confidence intervals. Randomized controlled trials that used oral isotretinoin for treatment were included as case series with data pooled from other case series to create a single-arm study for data analysis. We produced a pooled estimate of the complete response rate, as well as the combined complete response and partial response rate (corresponding to patients with ≥50% lesion reduction) of patients with mucocutaneous human papillomavirus infections. Subsequently, based on dosage and type of human papillomavirus infections, data were stratified into the following groups: (1) high-and low-dose;
(2) condyloma acuminatum and plane warts. If two or more similar studies were categorized within the same group, separate pooled estimates of the complete response rate in each group were calculated using proportions (%). Homogeneity testing was conducted using the I 2 test, and a fixed-effects model was used if there was a lack of heterogeneity. If I 2 was >50%, a random-effect model was used. 22 Publication bias was tested during the analysis of the response rates of all studies by using the Begg and Mazumdar test. Analyses were all performed using comprehensive meta-analysis version 3 (Biostat, Inc., Englewood, NJ, USA).
Results

Search results and trial characteristics
Of the 319 studies screened (by abstract), eight comprised a total of 217 patients with mucocutaneous human papillomavirus infections who had received oral isotretinoin treatment, thereby meeting the inclusion criteria [ Figure 1 ]. A summary of the characteristics of the included studies is provided in Table 1 . The eight eligible studies consisted of five randomized controlled trials and three case series. Except for those in one study, the patients in all analyzed studies were refractory to at least one of the treatment modalities for mucocutaneous human papillomavirus infections, and the disease durations of these patients varied from 3 months to 5 years before treatment. 13 Only two studies had conducted direct head-to-head comparisons of oral-isotretinoin-treated and placebo-treated groups. 10, 14 The quality scores of case series and randomized controlled trials were 9-14 and 19-21, respectively. The common factors that adversely affected the quality scores were the absence of a double-blind evaluation and loss to follow-up exceeding 5%.
Complete response rate with oral isotretinoin versus placebo treatment
Two randomized controlled trials were available for evaluation. The patients analyzed had been diagnosed to have facial plane warts 14 or condyloma acuminatum of the cervix. 10 The complete response rate in the treatment group was significantly higher than that in the placebo group (odds ratio 43.1; 95% confidence interval, 9.9-186.8; I 2 = 3) [ Figure 2 and Table 3 ].
Complete response rate with oral isotretinoin
The complete response rate with oral isotretinoin was 62.6% (136/217). A pooled estimation of the complete response rate was based on the eight studies that provided relevant data of 217 patients. [8] [9] [10] [11] [12] [13] [14] 21 The pooled complete response rate was 67.7% (95% CI: 49.5-81.7%) in all patients with mucocutaneous human papillomavirus infections [ Figure 3a and Table 3 ]. Publication bias was noted (P = 0.019) in the estimation of pooled complete response rate [ Figure 3b ].
Combined complete response and partial response rate with oral isotretinoin
The combined complete response and partial response rate with oral isotretinoin was 75.1% (100/133). A pooled estimation of the combined complete response and partial response rate was based on five studies that provided relevant data. [9] [10] [11] 13, 21 The pooled combined complete response and partial response rate to oral retinoids was 83.9% [95% CI: 59.7-94.9%; Figure 4a and Table 3 ]. A funnel plot did not reveal publication bias (P = 0.462) [ Figure 4b ].
Complete response rate of condyloma acuminatum
Four studies comprising 147 patients were available for the pooled estimation of the complete response rate with oral isotretinoin in patients with refractory condyloma acuminatum. [8] [9] [10] [11] The pooled complete response rate was 64.9% [95% CI: 41.7-82.7%; Table 3 ].
Complete response rate of plane warts
Four studies comprising 70 patients were available for the pooled estimation of the complete response rate with oral isotretinoin in patients with cutaneous human papillomavirus infections other than condyloma acuminatum. [12] [13] [14] 21 All patients in these four studies had extensive plane warts. In three of these four studies, the warts were on the patients' faces. The pooled complete response rate was 76.6% [95% CI: 64.3-85.6%; Table 3 ].
Rate of complete response to high-dose oral isotretinoin
A pooled estimation of rate of complete response to high-dose oral isotretinoin was based on three studies comprising 119 patients, where all patients had received diagnoses of condyloma acuminatum. 8, 9, 11 The treatment duration was 3 months for all patients. The pooled complete response rate was 63.7% [95% CI: 33.7-85.8%; Table 3 ].
Rate of complete response to low-dose oral isotretinoin
A pooled estimation of rate of complete response to low-dose isotretinoin was based on five studies comprising 98 patients. 10, [12] [13] [14] 21 All patients had been diagnosed with condyloma acuminatum of the cervix in one study and with plane warts in the other four studies. 10 The treatment duration was 3 months for all patients. The pooled complete response rate was 71.6% [95% CI: 45.1-88.5%; Table 3 ].
Discontinuation because of severe adverse effects
Of all the patients analyzed, only four discontinued oral retinoid treatment because of severe adverse effects. Two patients had severe cheilitis, 13 one had polymenorrhea 13 and one had persistently elevated serum transaminase. 10 All four had been treated with low-dose isotretinoin (0.5 mg/kg/day).
Recurrence rate
The follow-up timeframe was documented in all but one case series. 14 The follow-up period ranged from 3 to 20 months. Among all patients who exhibited complete response to oral isotretinoin (n = 122), 15 exhibited disease recurrence. Of 11 patients with plane warts, four had disease recurrence within a 4-month follow-up period. 13 Of nine patients one with cervical condyloma acuminatum had a recurrence at 43 weeks. 10 In four of 24 patients with condyloma acuminatum, disease recurrence was observed after 1-6 months of follow-up. 9 Of 19 patients with plane warts, four exhibited relapse during a 4-month follow-up period. 12 Of 21 patients with condyloma acuminatum, two had recurrence during a 12-month follow-up period. 11 The total recurrence rate of all mucocutaneous human papillomavirus infections after a complete response to oral retinoids was 12.3%.
Discussion
Our meta-analysis results revealed that oral isotretinoin is superior to placebo for treating refractory mucocutaneous human papillomavirus infections. Because the two studies analyzed in the meta-analysis evidently verified the superiority of isotretinoin treatment over placebo treatment, a substantial response rate was crucial. 10, 14 The overall pooled complete response rate and combined complete response and partial response rate were 67.7 and 83.9% respectively. When evaluating the response rate of any treatment modality for warts, the possibility of spontaneous resolution should be considered. Notably, most of the patients included in the analyzed studies had exhibited long durations of human papillomavirus infections and had failed to respond to at least one treatment modality. Previous studies have shown that warts that have persisted for long durations in adults are less likely to spontaneously resolve and are more refractory to treatment. 1, 23 Hence our study results were less likely to be influenced by the effect of spontaneous remission.
The pooled rates of complete response to oral isotretinoin in patients with condyloma acuminatum and those with plane warts were 64.9 and 76.6% respectively. These data suggest that plane warts, a troublesome condition for clinicians and patients, respond favorably to oral isotretinoin. The differences in the response rates of various types of human papillomavirus infections remain to be elucidated. Plane warts tend to be distributed extensively on the face, causing significant cosmetic disfigurement and psychological stress in patients. First-line treatments, including cryotherapy and topical trichloroacetic acid, may exacerbate cosmetic problems due to post-inflammatory hyperpigmentation and scarring. Further, the response rate and treatment duration are highly variable. 24 Our study results indicate that oral isotretinoin is a promising therapeutic choice in terms of response rate and cosmetic concerns for patients with refractory facial plane warts.
In our study, the pooled complete response rates to high-dose and low-dose isotretinoin were 63.7 and 71.6%, respectively. No head-to-head comparison was available for review in the literature. However, these data likely show that high-dose isotretinoin (1 mg/kg/day) is not more advantageous than low-dose isotretinoin (0.5 mg/kg/day) for treating mucocutaneous human papillomavirus infections.
Treatment duration is also worth noting. The shortest recorded response duration among the analyzed studies was 8 weeks. 13 Most patients in our meta-analysis had received a full treatment course of 3 months. Olsen et al. reported that all patients with condyloma acuminatum failed to respond to high-dose oral isotretinoin alone over a 6-week treatment period. 7 Other researchers have suggested that 6 weeks may not be a sufficiently long duration for isotretinoin treatment alone and a longer duration of treatment with this retinoid might improve therapeutic responses in patients. 11 Furthermore, Kaur et al. noted that relapse was more frequently observed in patients for whom treatment was stopped earlier because of early clearance. 13 Thus, extending treatment over a longer duration may reduce the risk of relapse. We believe that a treatment course of low-dose isotretinoin for 3 months is reasonable, whereas a treatment duration <8 weeks may be insufficient for inducing a response.
Although side effects of oral isotretinoin such as cheilitis, dry skin and dry eyes were commonly observed among the patients, they were manageable in most patients. [7] [8] [9] [10] [11] [12] [13] [14] Among the 217 patients who had received high-or low-dose oral retinoids, only four had discontinued treatment because of adverse side effects (number need to harm = 54.25).
Notably, none of these four patients had received high-dose isotretinoin.
This study had some limitations. The meta-analysis had a small sample size and only a few studies were analyzed. Publication bias was noted in the estimation of pooled complete response rate. In addition, the pooled studies included patients with different types of human papillomavirus infections, treatment doses, sampling approaches and sample sizes. Moreover, the patients belonged to various regional and ethnic backgrounds.
Publication bias might come from the inter-study variation.
To address these potential differences, wherever possible, we stratified models according to dosage (high-or low-dose) and type of human papillomavirus infection (condyloma acuminatum or plane warts). No publication bias was noted in these subgroup analyses. However, considerable heterogeneity still existed in each subgroup. Nevertheless, because of a dearth of related trials, this was the best measure we could adopt to prevent biases. Larger randomized controlled trials are warranted.
Conclusion
Patients with mucocutaneous human papillomavirus infections treated using isotretinoin exhibited a higher complete response rate than did those treated with placebo. Patients with refractory mucocutaneous human papillomavirus infections responded favorably to oral isotretinoin, particularly those with plane warts, who exhibited a 76.6% complete response rate. High-dose isotretinoin (1 mg/kg/day) does not appear to be more advantageous than low-dose isotretinoin (0.5 mg/kg/day) for treating human papillomavirus infections. The recurrence rate was low and severe adverse effects occurred infrequently.
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